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3 MATERIALS AND METHODS 
3.1 Overview 
This chapter presents an introduction to the flow of the overall experimental work 
procedure. This is followed by a thorough discussion of the chemicals and materials that 
were used throughout this experimental study and how and where they were obtained 
from. The methodology are discussed in depth beginning with the preparation of the 
catalyst as well as the samples and the methods of analysis employed on them, followed 
by the setup of the pyrolysis reactor itself, and last but not least, the methods used to 
analyze the liquid fuel and fuel gas produced from the pyrolysis of plastic waste. 
3.2 Introduction 
The experimental method and procedure for the preparation and characterization 
throughout the research was summarized in this chapter. In the first step, plastic resin 
samples of Polyethylene were grinded and sieved to a size of less than one mm. The 
temperature of decomposition for the sample was then identified using Thermal 
Gravimetric Analysis (TGA), TGA Q500 V6.4 instrument. The Ni-Ce/Al2O3 catalyst 
was synthesised via the incipient wetness impregnation technique. The fresh and spent 
catalyst was characterized, whereby the morphology of fresh catalyst was investigated 
using SEM (CARL-ZEISS), Brunauer Emmett Teller (BET) method for determining 
specific surface area and lastly Thermal Gravimetric Analysis (TGA), TGA Q500 V6.4 
instrument for measuring the thermal behaviour of the catalyst. Pyrolysis was carried 
out with a catalyst to plastic sample ratio of 1:3 at four different temperatures within the 
range of 500 
o
C to 800 
o
C.  The liquid fuel obtained from this method was analysed 
using the Gas Chromatography-Mass Spectrometry (GC-MS), Fourier Transform 
Infrared Spectroscopy (FTIR) for obtaining the infrared spectrum of the sample (a 
technique that complements GC-MS) and last but not least Gas Chromatography- Flame 
Ionization Detector (GC-FID). Figure 2 shows a flow chart of the overall process flow 
of the experimental work. 
 
 
 
 
 18 
 
 
 
 
 
 
 
 
 
 
Figure 2: Flow chart of the overall process flow of the experimental work 
3.3 Chemicals and materials 
The catalyst used in this experiment was Ce- promoted Ni/Al2O3 catalyst. All the 
chemical materials required for catalyst preparation was obtained from Sigma Aldrich 
Malaysia (Cerium (III) Nitrate Hexahydrate, 99%, Nickel (II) Nitrate Hexahydrate, 99% 
and Alumina 99%). The catalyst was prepared via the incipient wetness impregnation 
method. Other chemicals used throughout this research such as Dichloromethane and 
Hexane were obtained from Merck Malaysia. The virgin low density polyethylene 
(LDPE) and high density polyethylene (HDPE) plastics used in this research were 
acquired from Commercial Plastic Industries (CPI) Sdn Bhd in the spherical size of 
20mm. The ratio of LDPE to HDPE that was used for pyrolysis was set at 1:1. 
 
Figure 3: Chemicals used for synthesis of catalyst 
Sample preparation 
Catalyst synthesis and characterization 
Analysis of liquid fuel, fuel gas and spent as 
well as fresh catalyst 
Pyrolysis of plastic 
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Figure 4: Polyethylene resin 
3.4 Methodology 
3.4.1 Sample preparation 
PE resins were grinded in a commercial lab blender into fine particles. The fine particles 
were then passed through a sieve shaker of one mm sieve. The sieve shaker was run for 
about five minutes at an amplitude of 1.2 Hz. The plastic samples that went through the 
sieve to the bottom pan were collected in a sample bag and weighed. The resin that 
remained in the sieve were collected and ground again in the blender. This process was 
repeated until a sample size of less than one mm was obtained.  
 
Figure 5: Laboratory grinder 
 
 
Figure 6: Sieve shaker 
